The 3 major lipoprotein fractions of human serum were investigated for their ability to inhibit the haemagglutination of 24 different togaviruses including rubella virus and arboviruses from 5 antigenic groups. All viruses were inhibited by the 3 fractions and this was most evident with low and very low density lipoproteins; inhibitory activity appeared to be associated with the lipid part of the lipoproteins. When artificial dispersions of the lipids cholesterol, cholesteryl ester and triglyceride were emulsified with egg lecithin three categories of inhibitory activity were observed which were independent of virus antigenic groupingcategory I, no activity; category 2, activity confined to cholesterol and category 3, activity for cholesterol and to a lesser extent the other lipids.
In a recent study we showed that the non-antibody substances in normal human serum responsible for the inhibition of haemagglutination (HAI) by representative togaviruses, Japanese encephalitis (JE) and rubella, resided in the lipoprotein fraction (Shortridge & Ho, i974) . The inhibitory activity for both viruses was very low density lipoprotein (VLDL) > low density lipoprotein (LDL) > high density lipoprotein (HDL) with the specific inhibitory activity per mg protein or lipid for each lipoprotein greater for JE virus. Because of this apparent variation in sensitivity due to virus on the one hand and to lipoprotein on the other we have examined an additional 22 arboviruses from 5 antigenic groups to appraise further this interrelationship and at the same time have attemped to gain an insight into the functional importance of the lipid and protein moieties in mediating the inhibitory activity of the lipoprotein molecules.
The procedural details for the separation by sequential flotation centrifugation of the three lipoprotein fractions from fasting human serum, the determination of protein and lipid concentrations and the titration of samples for inhibition of haemagglutination have been reported earlier (Shortridge & Ho, I974) . Lyophilized acetone-sucrose arbovirus antigen extracts and rubella virus antigen (see Table I ) were reconstituted and diluted as described (Shortridge & Hu, I974) . Only one arbovirus, namely Germiston, was used as whole virus material following u.v. inactivation of infected tissue culture fluid. All viruses were initially titrated for haemagglutinating activity using gander erythrocytes (o'5 ~, v/v) suspended in o-2 M-phosphate buffer at pH 's 5"85, 6.o, 6.2, 6"4, 6.6, 6.8 and 7" o to establish the optimal pH. Tests for inhibition of haemagglutination were performed in duplicate and in each case gave identical results. Titration results for a given virus remained unaltered using alternative antigen preparations.
To prepare apolipoproteins, the lipid was removed from the lipoprotein fractions by organic solvent extraction according to the method of Shore & Shore (I967) . The apolipoproteins thus obtained were solubilized in o.I M-tris-HC1 buffer, pH 8.2, containing o.oo2 M-SDS (Helenius & Simons, I97I ) and their aqueous soluble sub-fractions, namely * Reciprocal of sample dilution in 25 #1 inhibiting haemagglutination by 4 agglutinating units of virus in 25 #1. The HAI activity of the lipoprotein depleted serum d > 1.2I g/ml at constant protein or lipid concentrations of I mg/ml was < 5 for all viruses. Abbreviations are as follows -HDL, high density lipoprotein; LDL, low density lipoprotein; VLDL, very low density lipoprotein. apo A and apo C, isolated as described by Scanu et al. (I969) . The identity and purity of apo A and apo C, named according to the nomenclature of Alaupovic, Lee & McConathy (2972) , were evaluated by disc electrophoresis (Davis, I964) and only homogeneous material was examined for inhibitory activity. Other apolipoprotein peptides were not included because (2) they tended to aggregate at the various pH levels used for HAI assay and (2) they could not be solubilized without a high concentration of SDS. Lipids from the different lipoprotein fractions were extracted by a modified procedure of Sperry & Brand (2955) using a mixture of chloroform and methanol in the ratio I:I. Precautions were taken to minimize oxidation of lipid throughout by storing the preparations in a N~ atmosphere. Lipid dispersions were prepared with (I) extracted lipoprotein lipids and (2) mixtures of chromatographically pure commercial lipids, namely egg lecithin, cholesterol, cholesteryl Table i . Dengue 3 and Kokobera viruses were not available for testing.
t Two lipoprotein proteins, namely apolipoprotein A (apo A) the major apolipoprotein of HDL and apolipoprotein C (apo C) a major apolipoprotein of VLDL and a minor one of LDL (Alaupovic, Lee & McConathy, 1972) each at a concentration of I mg/ml were devoid of HAI activity at a level of 5 for all viruses.
:~ Lipids prepared as sonicated dispersions in equimolar ratios to a final concentration of I mg/mlLec/Lec, Lecithin/Lecithin; Lec/CSE, Lecithin/Cholesteryl ester (cholesteryl oleate); Lec/CS, Lecithin/ Cholesterol; Lec/TG, Lecithin/Triglyceride (triolein). oleate (cholesteryl ester) and triolein (triglyceride) -Sigma Chemical Co., St Louis, Mo., USA-in concentrations of I mg/ml by pipetting a known amount of lipid dissolved in choloroform into a conical sonication vial. The organic solvent was evaporated under a gentle stream of N2 and an exact volume of o-I M-tris-HC1 buffer, pH 7"4, in o'I9 MNaC1 was added to obtain the final concentration. Each mixture was sonicated in an icebath at 20 Hz for a total of five I min pulses with I rain intervals using a Branson Sonifier (Heat Systems Co., Melville, Long Island, USA). The lipid dispersions prepared in this Short communications manner were usually used within a day for determining inhibitory activity; prolonged storage of some dispersions, particularly those containing apolar lipids, produced inconsistent results. No evidence of denaturation was obtained when the dispersions were analysed by thin layer chromatography as described (Ho, t975) .
Orientating experiments with the lipoproteins adjusted to different protein or lipid concentrations indicated that the inhibitory activity obtained with representative viruses did not always give a linear response. The lipoproteins were therefore adjusted to a protein or lipid concentration of I mg/ml to facilitate ready comparison of their activities for the viruses to be tested. All lipoprotein fractions exhibited inhibitory activity for the 23 different arboviruses and rubella virus (Table I ). Sindbis and rubella viruses were least inhibited; the titres for the other viruses varied and no group pattern was apparent. Inhibitory activity was more evident with LDL and VLDL; in general the titres for these two lipoproteins were higher at a constant protein concentration of I mg/ml than for the lipid at the same concentration. In addition, titres obtained with VLDL were higher than those recorded with LDL at constant protein concentration whereas at constant lipid concentration they were similar or lower for VLDL. These results taken in conjunction with the fact that HDL, LDL and VLDL contain approx. 50 ~o, 75 ~o and 9D ~ lipid, respectively (Oncley & Harvie, 1969) suggested that the lipid portion or content of the lipoproteins rather than that pertaining to the protein might be more important in mediating inhibitory activity.
When the isolated lipoprotein lipids and proteins were examined at concentrations of I mg/ml, inhibitory activity was confined to the lipids for the viruses examined apart from rubella virus which lacked activity for HDL lipid (Table 2) . When artificial dispersions of neutral lipids commonly found in the three lipoprotein fractions, namely cholesteryl ester, unesterified cholesterol and triglyceride, were emulsified with lecithin, a major phospholipid lipoprotein constituent, three categories of inhibitory activity were observed -category I, no activity; category 2, activity confined solely to lecithin/cholesterol and category 3, broad activity covering lecithin/cholesterol and to a lesser extent lecithin/triglyceride, lecithin]cholesteryl ester and in some cases lecithin alone. These categories which were independent of virus antigenic grouping appeared to be associated with increasing levels of inhibitory potency on the part of the lipoprotein lipids which was clearly evident with HDL lipid. Strain variation was not investigated but the results obtained throughout with two strains of JE virus were essentially similar.
Taxonomically different viruses such as Sendal and Sindbis are known to have affinity for liposomes (Haywood, I974; Mooney et aL I975) . In the case of Sindbis virus, the absence of cholesterol from the liposome resulted in greatly diminished virus binding. This finding would seem to be in accord with our observation that the haemagglutination activity of Sindbis virus (category 2) was inhibited only by dispersions containing cholesterol.
The results confirm the role of lipoproteins as inhibitors of haemagglutination by togaviruses and show the importance of lipid in mediating this activity. In addition the results suggest that the efficiency of procedures for removing lipoprotein inhibitors from serum prior to assay for specific togavirus antibody is more critical for some viruses than for others. This aspect is presently being investigated particularly in relation to freeze-thawed and aged sera.
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